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Carbon data assimilation 
Surface fluxes of CO2 based on remote sensing data (bottom) 
along with satellite retrievals of CO2 (top) are fed into NASA’s 
GEOS Constituent Data Assimilation System (CoDAS) to produce 
global, 3D fields of CO2 every 6 hours at a 50km horizontal 
resolution (middle).
Calibrating surface sinks 
The baseline GEOS surface fluxes (red; Ott et al., 2015) 
underestimate the atmospheric growth rate (Fig 1a). We apply a 
“working-class inversion” (blue; Chevallier et al., 2009) to match 
annual atmos growth rates (Fig 1a) and a climatological oceanic 
growth rate (Fig 1b).  This draws the fluxes closer to inversions 
(dark grey) and prognostic models (light grey) shown in Fig 1.
Fig 1. Global total ocean and NBE (NEE + fire) fluxes from the fluxes excluding (red) and including 
(solid blue) the empirical sink compared to the ranges of the inversion ensemble (dark grey) and 
TRENDY model ensemble (light grey).
Monthly growth rate estimates 
After assimilating satellite retrievals, we can estimate growth rates 
on a monthly basis from changes in total mass (Fig 2).  The 
assimilation-based estimates suggest the model has too much 
outgassing in boreal winter and too little in boreal summer (Fig 3).
Fig 2. Monthly global average mixing ratios for 
the control simulation (blue), the OCO-2 
assimilation (red), and the ACOS-GOSAT 
assimilation (green).
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Fig 3. Monthly global flux totals resulting from a 
mass balance calculation from the values in Fig 2.
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(a) Global ocean + NBE:  Annual averages
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(c) Global NBE:  Annual averages
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(b) Global ocean exch.:  Annual averages
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(d) Global NBE:  Seasonal cycle
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